Forty-seven paired specimens of ileum and mesenterial lymph nodes from goats originating from 2 herds with paratuberculosis were investigated. Culture of the specimens for Mycobacterium paratuberculosis was compared with Ziehl-Neelsen staining and with immunohistochemical tests on paraffin-embedded tissue sections, using a M. paratuberculosis immune serum and an avidin-biotin-alkaline phosphatase method. Immunohistochemical techniques detected most positive samples and produced more clearly visible reactions than did acid-fast staining. Eighteen of 47 samples were positive by immunohistochemical methods, whereas 15 and 10 were positive for acid-fast staining and culture, respectively. Immunohistochemical techniques may represent a valuable adjunct to standard techniques for diagnosis of paratuberculosis in goats.
Paratuberculosis is a chronic, granulomatous enteritis in domestic and wild ruminants caused by infection with Mycobacterium paratuberculosis. In goats, the disease is characterized by wasting, decreased milk production, and occasionally gastrointestinal symptoms. The bacterium is a slow-growing mycobactin-dependent mycobacterial species, and conventional procedures for detection and identification include acid-fast staining of smears from intestinal material, acid-fast staining of tissue sections, and cultivation of the organism. 3 Acid-fast staining has limited sensitivity, and as many as 10 6 bacterial/g of tissue may be necessary for detection of acid-fast rods in sections by light microscopy. 2 Cultivation of M. paratuberculosis is a tedious procedure that requires 9-12 weeks for identification. Nevertheless, it represents the final and definitive diagnosis of the disease. 3 Immunohistochemistry (IHC) has been widely used as a research tool for studying important microbial diseases but has only been applied to a limited extent for routine diagnosis. 4 The main advantage of IHC over other techniques is the simultaneous visualization of antigen and pathologic changes. The technique is also appropriate for identification of microbes that are difficult to grow or microbes that need a long incubation time for identification. IHC has been described for in situ identification of M. paratuberculosis in paraffin-embedded tissue specimens from goats 15 and cattle. 13 The purpose of the present study was to develop an immunohistochemical test for the identification of M.
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Received for publication May 17, 1993. paratuberculosis in paraffin-embedded tissues from goats and to compare the results obtained using this method with those of conventional diagnostic methods, i.e., Ziehl-Neelsen staining and culture.
Materials and methods
Samples and conventional procedures. Forty-seven paired tissue specimens from ileum and mesenterial lymph nodes were obtained from 2 herds with suspected paratuberculosis. Specimens were submitted to the laboratory either at necropsy of suspected cases or at slaughter. Organ specimens were frozen at -20 C and sent to the laboratory. On arrival, the specimens were cultivated as previously described 19 and parallel samples were fixed in 10% neutral phosphate-buffered formalin (pH 7.4). Organ specimens fixed in formalin were embedded in paraffin wax by conventional methods, and sections were cut at 5 µm and laid on untreated slides for Ziehl-Neelsen staining or on gelatin-coated slides for IHC. Ziehl-Neelsen (ZN) staining was performed according to standard methods.
Immunohistochemicalprocedures. IHC was performed as previously described. 7 Sections were deparaffinized at 56 C for 30 min, washed in 2 xylene baths, and rehydrated through a series of ethanols (100%, 96%, 70%) at room temperature. All the subsequent incubations were also performed at room temperature. Blocking was carried out with 5% bovine serum albumin (BSA) a in Tris-buffered saline (TBS) (50 mM Tris-HCl, 150 mM NaCl) for 20 min. The sections were then incubated with anti-M. paratuberculosis serum b diluted 1:800 in TBS with 2.5% BSA for 1 hr, rinsed, and washed for 5 min in TBS. Biotinylated goat anti-rabbit immunoglobulin b diluted 1:300 in TBS with 2.5% BSA was then applied as secondary antibody for 30 min. After rinsing and washing in TBS, sections were incubated with an avidin-biotin-alkaline phosphatase b solution prepared according to the manufacturer's instructions for 30 min and then washed. Finally, sections were incubated with a filtered solution of fast red a (1 g/liter) and naphthol AS-MX-phosphate a (0.2 g/liter) with 1 mM levamisole a as inhibitor in 0.1 M Tris buffer for 20 min. Sections were washed for 2 min in tap water and counterstained with hematoxylin for 2 min, and coverslips were applied. Performance controls. Sections of ileum and a lymph node from a culture-positive goat were incubated with normal rabbit serum at the same dilution as the immune serum. Additional sections were also incubated with 2.5% BSA in TBS instead of anti-M. paratuberculosis immune serum to reveal any nonspecific alkaline phosphatase activity. Tissue sections from a culture-negative goat were also incubated with immune and normal rabbit serum. numerous bacteria, the reaction product coalesced to give a diffuse coloration of the cytoplasm (Fig. 1 ). In general, it was difficult to identify single bacteria. Positive reactions were occasionally observed in the cytoplasm of intestinal epithelial cells (not shown).
End-point dilution, defined as the highest dilution of the immune serum giving a discernible reaction, was determined by 2-fold titration. Adsorption controls were performed by adding an equal amount (v/v) of diluted immune serum (1:2,400) and 2-fold dilution series of a suspension of AL paratuberculosis ATCC 19698 c starting at a concentration of 1 McFarland. The mixture was incubated for 15-18 hr at room temperature on a roller and centrifuged, and the supernatants were incubated on positive tissue sections. Both adsorbed and unadsorbed immune sera were also incubated on a section positive for M. avium.
Compared to ZN staining, IHC sections were easier to evaluate and the method was less time consuming and gave a more distinct reaction. Fifteen of 47 samples were positive by ZN, all of which were positive by IHC (Table 1 ). An additional 3 samples were positive by IHC; these samples contained an apparently low number of bacteria, as evaluated by IHC. By culture, 10 samples were positive, and these samples were also positive by IHC and ZN (Table 1) .
Statistical methods. Agreement among results obtained by the 3 methods was measured using the kappa estimator 8 a proportional measure varying between -1 (negative agreement) and +1 (positive agreement). Assuming a normal distribution of kappa, confidence limits were estimated using the kappa variance. 8 A confidence interval of kappa that does not include zero suggests an agreement significantly greater than would be expected by chance alone. The agreement was considered moderate, substantial, or almost perfect if values were estimated at 0.4 ≤ Κ < 0.6, 0.6 ≤ K < 0.8, or 0.8 ≤ K ≤ 1.0, respectively.
The immune serum used against M. paratuberculosis gave a positive reaction when incubated on M. aviumpositive sections (not shown). In performance controls, the reaction in situ to M. paratuberculosis was abolished by adsorption and gradually reappeared as the antigen concentration used for adsorption was reduced.
The reactivity of the adsorbed antiserum to M. avium was markedly reduced but not totally abolished. No reactions were observed when normal rabbit serum was used or when TBS was substituted for the immune serum. End-point dilution value of the immune serum was 1:50,000.
The hypothesis that there were no differences among the results of the methods was evaluated statistically by an exact binomial test. 20 The probability that the observed differences in results were due to chance was calculated using the binomial distribution. P values below 0.05 were considered significant.
IHC results were significantly different from culture results (binomial test, P < 0.05) ( Table 2 ). The differences between IHC and ZN (P < 0.25) and ZN and culture (P < 0.06) were not significant, reflecting the possibility of a coincidental difference. Kappa estimates ranged between 0.6 and 0.9; all estimates were significantly different from zero.
Discussion Results
By IHC, positive reactions for M. paratuberculosis were obtained intracellularly in macrophages, epithelioid cells, and multinucleated giant cells in inflamed areas in the lamina propria in the intestine and in the lymph node. The reactions appeared as distinct red spots in the cytoplasm (Fig. 1 
), and in cells containing
The present study shows that IHC is a valuable adjunct to standard cultivation and ZN staining of tissue sections for the diagnosis of paratuberculosis in goats. Culture has been considered the definitive diagnostic method for paratuberculosis. 3 In the present study, ZN staining and IHC identified more positive samples than cultivation, and the results obtained with IHC and ZN staining were similar. Furthermore, there was a sigand antibody specificity. 16 Standard means for apnificant difference between IHC and cultivation, as stapraisement of method specificity include staining of tistically evaluated ( Table 2 ). The observed disagreeparallel sections by sequential dilution of the immune ment between IHC and cultivation emphasizes the great serum. However, antibody specificity is more difficult importance of validity evaluations using IHC techto evaluate than method specificity, 16 and adsorption niques, including evaluation of both method specificity controls to demonstrate inhibition of staining with ho-mologous antigens is therefore recommended. 17 However, the disappearance of staining after adsorption does not necessarily validate the specificity, because cross-reacting antibodies may also be adsorbed. 6 In this study, method specificity was established by obtaining a titration curve from sequential dilution of the immune serum. Homologous adsorption also inhibited IHC staining, showing that the observed reactions identified M. paratuberculosis or antigenically related mycobacteria.
The results obtained using IHC techniques also agree with those obtained with ZN staining. However, other bacteria such as species of Nocardia, Corynebacterium, and Rhodococcus may stain acid-fast 21 and may therefore be erroneously identified as M. paratuberculosis. These bacteria also share some antigens with mycobacteria, and false positive staining may appear. Bacteriologic examination for these weakly acid-fast bacteria was not performed, but these bacteria seldom cause intestinal infections in goats in Norway (personal observations). A more common problem is caused by the fact that M. paratuberculosis and M. avium are closely related antigenically, 14 which was illustrated by the IHC cross-reactions with M. avium. Granulomatous enteritis caused by infection with M. avium has been reported to occur naturally in cattle 11 and has been induced experimentally in goats. 5 However, M. avium was not isolated from any of the samples in this study. Therefore, on a herd basis, the problem of in situ cross-reactivity to M. avium is not considered to represent any practical problem for diagnosis of M. paratuberculosis infections in goats.
Cultivation was the least sensitive method in the present study. Cultivation of M. paratuberculosis is assumed to detect as few as 100 bacilli/g of feces 3 although other reports indicate a lower sensitivity when tissue material is used. 2 The observed disagreement between the results of cultivation and those of ZN staining and IHC may be due to reduced bacterial viability caused by freezing and thawing of the specimens. 18 Furthermore, strains may differ in viability, and strains isolated from small ruminants in Europe and Australia may be extremely difficult to grow in primary culture. 1, 10 Mycobacterium paratuberculosis was isolated by culture in 1 study from 92% of infected goats. 9 However, in the present study fastidious strains may have occurred on the 2 farms, although the low number of culture-positive samples also may have been caused by unfavorable transport conditions. IHC detected 3 positive samples in addition to those identified by ZN staining, and results of IHC were easier to interpret than those of ZN staining. More than 10 6 bacteria/g tissue has been reported as the limit for detection by ZN staining. 2 The observed discrepancy may be partly explained by the fact that only intact cells are stained clearly by acid-fast staining techniques, 21 whereas IHC will presumably also identify antigens in dead and partially ruptured cells. Intensity of the carbolfuchsin stain may vary considerably, but such variation does not seem to occur with IHC, even when high dilutions of the immune serum were used. However, IHC recognizes bacterial antigens as colored spots and thus does not visualize bacterial rods, although this is of minor importance in routine diagnosis. Thus, IHC made evaluation of the samples more convenient, especially when few organisms were present.
Statistical evaluation of the methods showed a significant difference between the IHC and culture results. However, when comparing 2 tests, it is also appropriate to measure the agreement between the tests. 12 As shown by kappa statistics, there was a substantial level of agreement between IHC and cultivation, mainly because there were no false-negative IHC results. Although IHC detected more positive samples than did ZN staining, the differences were not statistically significant and the agreement between the 2 methods was almost perfect, as indicated by kappa estimates. This finding is in accordance with those of other reports, indicating that with a limited number of samples, IHC is not statistically more sensitive than ZN staining. 15 The immunohistochemical technique seems to be superior to ZN staining as a diagnostic method for paratuberculosis in goats. Moreover, it can be easily applied on paraffin-embedded sections that may have been stored for years, thus allowing retrospective studies to be performed. In cases with postmortem changes, sections may contain dead bacteria, which can no longer be cultivated but are easily detected by means of IHC. Although more laborious and time consuming than ZN staining, IHC is a valuable supplement in the diagnosis of an insidious and chronic disease such as paratuberculosis in goats.
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